Denervation disperses acetylcholine receptor clusters at the neuromuscular junction in Xenopus cultures.
The effect of denervation on acetylcholine receptor (AChR) cluster distribution on cultured Xenopus muscle cells has been examined in order to study the role of intact nerve in the maintenance of clusters at the nerve-muscle junction during development. AChRs on the muscle cell were labeled with tetramethyl rhodamine-conjugated alpha-bungarotoxin and sequential changes in AChR cluster distribution were examined with a fluorescence microscope using an image intensifier. Denervation was carried out by exposing the nerve cell body to a focused laser light of a high intensity. After this procedure the neurites originating from the cell quickly disintegrated and large AChR clusters associated with nerve divided into smaller clusters. Individual clusters subsequently decreased in size and finally disappeared. In about 30% of the cases new AChR clusters appeared at the extrajunctional region after denervation. These observations indicate that intact nerves are necessary for the maintenance of receptor localization at the nerve-muscle junction and that nerve-induced accumulation is seemingly reversible during the early period of synapse formation. We tested the idea that receptor clusters were lost due to diffusion of receptors in the muscle membrane after denervation. However, the rate of receptor cluster dispersal after denervation was much slower than that predicted by the diffusion model, suggesting that diffusion of receptors is not a rate-limiting step. Furthermore, we found that receptor clusters at the junction stabilize during days in culture. Thus, 80-90% of receptor clusters at the nerve-muscle junction disappeared at 7 hr after denervation in 1-day cocultures, while about 50% of receptor clusters remained after denervation in 3-day cocultures.